A supercell of a nanotube formed by a carbon nanotube (CNT) and a silicon nanotube (SiNT) is established. The electronic structure and optical properties are implemented through the first-principles method based on the density functional theory (DFT) with the generalized gradient approximation (GGA). The calculated results show that (6, 6) -(6, 6) silicon/carbon nanotubes (Si/CNTs) presented a direct band gap of 0.093 eV, (4, 4) -(6, 6) silicon/carbon nanotubes presented a direct band gap of 0.563 eV. The top of valence band was fundamentally determined by the Si-3p states and C-2p states, and the bottom of conduction band was primarily occupied by the C-2p states and Si-3p states in the Si/CNTs. It was found that (6, 6) -(6, 6) Si/CNTs have smaller energy band gap and better conductivity. Besides, Si/CNTs have satisfactory absorption characteristics and luminous efficiency in ultraviolet band.
Introduction
The discovery of CNTs since 1991 [1] have led to extensive research interest in one dimensional nanometer materials due to their unique properties and potential of applications [2] [3] [4] [5] . Recently, there has been a rapid growth research interests in advanced nanotechnology which gives great promise for achieving new sensing materials including high performance nanomaterials [6] and nanoscale eletronics devices [7] . Silicon, as the same group element with carbon in the periodic table of elements has similar structure with carbon, and [8] , template combined CVD [9] . In terms of theory, Luo et al. [10] studied the structures and electronic properties of pure (5, 5) and (5, 0) SiNTs with the first principles of density functional method, and found that the conductivity of SiNTs was connected with the chirality of its structure.
According to the existing research findings [11] , which shows that (n, 0) zigzag and (n, n) armchair SiNTs having n ≥ 6 are stable but those with n < 6 can be stabilized by internal or external adsorption of transition metal elements.
Therefore, there are a lot of researches on SiNTs [12] . For example, Yang et al. [13] observed the electronic structure and the changes of optical properties by applying different degrees of pre-tension deformation on single-wall armchair (6, 6) SiNTs through density functional theory. Referring to other researches, as for single-walled armchair SiNTs, doping P can make the energy band gap narrow, enhance electrical conductivity [14] , and doping Al can increase the optical absorption bandwidth of SiNTs, and improve the photoelectric properties [15] .
Additionally, the SiNTs of different chirality have different levels of thermal stability, electrical conductivity and energy performance [16] [17] . With the further research work, more special nanotubes have been studied [18] [19] . A coaxial cylinderical heterojunction of carbon tubes, which consists of alternant bands of 5-and 7-membered rings, can be formed by one armchair (n, n) CNT and one zigzag (2n, 0) CNT. The torsional mechanical properties are studied by using molecular dynamics method [20] . People have made some researches on the structure and properties of SiNTs, but few involve Si/CNTs. In the present paper, the electronic structure and optical properties of (4, 4) -(6, 6) Si/CNTs and (4, 4) -(6, 6) Si/CNTs are studied.
In the present work, the electronic properties of Si/CNTs formed by a CNT and a SiNT are investigated with the method of the first-principles density functional theory. In the following, we first investigated electronic properties of Si/CNTs in terms of energy band and density of states (DOS). And then the simulation results of optical properties of Si/CNTs are studied in Section 3. Finally, we conclude in Section 4. This work provided a theoretical basis for the application of SiNTs in photoelectric device.
Simulation Model and Method

Model
To study the structural feature and the electronic property of (6, 6) - (6, 6) Si/CNTs and (4, 4) -(6, 6) Si/CNTs, supercell are established. Periodic armchair nanotubes which both ends were not closed and infinitely long were adopted. 
Method
In this work, the first principles calculations for the computational method were carried out using CASTEP package to perform geometry optimization and the specific properties such as band energy and density of states (DOS). All the relaxation and electronic calculations were performed based on the DFT, within 
Results and Discussion
Geometry Optimized
In order to make the model energy tend to be stable, and more close to the real material, and ensure that parameters used in the simulation get accurate results, the initial model was first optimized. The geometry of the (6, 6) SiNTs, (6, 6) - (6, 6) Si/CNTs and (4, 4) -(6, 6) Si/CNTs are optimized by using a Broyden-Fletcher-Goldfarb-Shanno (BFGS) minimizer [23] . Optimization accuracy is set as Fine. The optimized lattice parameters and structure of SiNTs and Si/CNTs are shown in Table 1 and Figure 2 . Table 1 . Optimized lattice parameters of (6, 6) SiNT, (6, 6) -(6, 6) Si/CNT and (4, 4) -(6, 6) Si/CNT. 
Electronic Structures
To have a understanding of the electronic properties of Si/CNTs, the band states and C-2p states, Si-3s states and Si-3p states, yet is mainly from the interaction among s electrons. However, the action of p electrons is relatively weaker, which exhibits sp hybridization. In particular, the figure also shows that compared with (6, 6) -(6, 6) Si/CNTs, the hybridization strength of (4, 4) - (6, 6) Si/CNTs decrease slightly, and density peak strength of total electronic state is all weakened, indicating that the interelectronic locality for (4, 4) -(6, 6) Si/CNTs is relatively weaker. In the vicinity of Fermi level, the peak shape of Si/CNTs is basically similar, with key distinction being caused by the changes of Si-3p electrons near Fermi level.
Dielectric Function and Absorption
According to the law of electron transition and Krames-Kronig dispersion relation [25] , the complex dielectric and optical properties are calculated, using the well-known relation:
The real part of the dielectric function follows from the relation: 
The absorption coefficient is given by the following relation:
, ,K ω  are Planck constant, the angular frequency and reciprocal vector, respectively. Subscript C and V represent the conduction band and the valence band of nanotubes, and BZ is the first Brillouin zone. Figure  6 and Figure 7 presents the real part and the imaginary part of dielectric function and absorption for single-wall armchair (6, 6) SiNTs, (6, 6) -(6, 6) Si/CNTs and (4, 4) -(6, 6) Si/CNTs. Figure 6 (a) presents that the static dielectric constant for single-wall armchair (6, 6) SiNTs is 32.188, and a dielectric absorption peak appears near 3.307 eV with increase of energy. The static dielectric constants of (6, 6) -(6, 6) Si/CNTs and (4, 4) -(6, 6) Si/CNTs are 53.043 and 11.281, respectively, which also shows that a dielectric absorption peak appears when the energy of (4, 4) -(6, 6) Si/CNTs increases to near 1.547. According to the inversely proportional relationship between the dielectric constant and the energy gap width of semiconductor materials, the dielectric constant of (6, 6) -(6, 6) Si/CNTs increase as its energy gap width decreases, while the dielectric constant of (4, 4) -(6, 6) Si/CNTs decrease as its energy gap width increases. This result is consistent with the calculations of energy band structure. Analysis finds that the structure of Si/CNTs can change the dielectric absorption width of real part of SiNTs. Figure 6 (b) presents the imaginary part of dielectric function of SiNTs and Si/CNTs are presented in. Based on the figure, a sharp maximal dielectric peak in imaginary part of dielectric function for SiNTs appears in the vicinity of 0.959 eV, which is mainly caused by intrinsic transition among Si-3p and Si-3s electrons. Besides, with the increase of energy, the dielectric peak in imaginary part appears in the vicinity of 4.359 eV and tapers. In terms of the (6, 6) -(6, 6) Si/CNTs, the dielectric peak strength of in low energy region increases, and conductivity is enhanced. With the increase of energy, a maximum dielectric peak appears in the vicinity of 0.443 eV which declined. Then, a small dielectric peak appears in the vicinity of 2.243 eV. While the strength of dielectric peak for (4, 4) -(6, 6) Si/CNTs is weakened to some extent, with a dielectric absorption peak appearing in the vicinity of 2.784 eV, indicating that the structure of Si/CNTs can change the dielectric absorption width in imaginary part of SiNTs, and (6, 6) -(6, 6) Si/CNTs has higher conductibility. 
Conclusion
To conclude, in this paper, we perform first-principles calculations in the framework of density-functional theory to determine the electronic structure 
